For protein production and purification, many different cell systems ranging from bacteria to mammalian cell lines are commonly used. High-level expression of recombinant proteins in E. coli is often achieved using the strong yet tightly regulatable T7 promoter system (23) . Many convenient T7 promoter-based bacterial expression vectors are commercially available from different sources and are widely used. For the expression of genes in mammalian cells, many different expression systems also exist, with the cytomegalovirus (CMV) immediate early enhancer/ promoter-based expression vectors (4) being among the most common. Some of these mammalian expression vectors also carry a T7 promoter to facilitate the in vitro transcription/translation of inserted genes.
To generate vectors with the capacity to overcome the species barrier and to function in bacterial and mammalian cells, expression systems have been developed that use a T7 promoter in combination with a modified T7 RNA polymerase that is targeted to the nucleus of mammalian cells (2, 12) . Besides bacterial expression of target genes from these vectors, co-transfection of the expression vector and the vector carrying the modified T7 RNA polymerase gene leads to a strong expression of target genes in mammalian cells. A related strategy that relies on a combination of a phage promoter and an internal ribosomal binding site (IRES) derived from the encephalomyocarditis virus (EMCV) has also been used to express target genes in E. coli and mammalian cells using a single vector (8) . Forman and Samuels (5) have combined the Rous sarcoma virus long terminal repeat (RSV-LTR) and the T7 promoter to generate a family of expression vectors (pEXPRESS) that allows expression of target genes in both eukaryotic and prokaryotic cells (independent of a modified T7 RNA polymerase), as well as translation of these genes in a cell-free system. Additionally, a single expression plasmid has been developed that allows protein expression in mammalian cell lines and in the yeast Pichia pastoris (16) .
To combine the T7 promoter-based bacterial expression system with one of the strongest and most widely used CMV promoter/enhancer-based mammalian expression systems (15), we have established an easy procedure for the generation of expression vectors with the capacity to function in both bacterial and mammalian cells. Our strategy relies on the generation of a strong bacterial ribosomal binding site ( rbs ) downstream of the T7 promoter of a mammalian expression vector, in combination with a Kozak consensus sequence (9-11) for optimal translation initiation in mammalian cells. To illustrate this strategy, we have established a dual expression system amplifying the EGFP gene (Clontech Laboratories, Palo Alto, CA, USA) using PCR (1) and inserted it into the Nhe I and Xho I sites of the CMV promoter-based mammalian expression vector pCI (Promega, Madison, WI, USA) downstream of its T7 promoter ( Figure 1B) . pCI also contains an intron sequence for increased expression levels in mam- All constructs carry an rbs in combination with a Kozak consensus sequence. The control region of pCI-EGFP-dual was constructed by PCR using primers that introduce the prokaryotic rbs and the Kozak consensus sequence during amplification of the EGFP gene. A coding region for a C-terminal His 6 -tag was also introduced by PCR to allow facilitated purification of EGFP. pCI-HisDFF40 was constructed by subcloning an Xba I/ Not I fragment from pET28-HisDFF40 (G. Meiss, unpublished data) into the eukaryotic expression vector pCI as desribed in the text. malian cells (17) . The EGFP gene was amplified using TaqDNA polymerase (Promega) under standard PCR conditions (94°C for 2 min, 25 cycles of 94°C for 15 s, 58°C for 30 s, 72°C for 45 s and 72°C for 5 min) using the forward primer 5 ′ -EGFPdual ( Figure 1A) such that a bacteria l rbs and a Kozak consensus sequence were created upstream of the EGFP coding region.
To facilitate the purification of EGFP, a coding sequence for a His 6 affinity tag was engineered downstream of the EGFP gene using the reverse primer 3 ′ -EGFPdual ( Figure 1A ). This strategy is of general applicability, as shown in Figure 1B , in which we have transferred the DFF40/CAD-gene (3, 7, 13, 14) previously cloned into the Nde I and Sal I sites of pET28a(+) (Novagen, Madison, WI, USA) (G. Meiss, unpublished data), using the Xba I and Not I sites of this vector, into the mammalian expression vector pCI, resulting in pCIHisDFF40 ( Figure 1B) . In addition to the bacterial rbs , which is needed for bacterial expression of target genes, pET28a(+) also provides a core Kozak consensus sequence (ACCATGG) for efficient translation initiation in mammalian cells, arising from an adenine directly upstream of the Nco I site providing the ATG start codon ( Figure 1B) .
For bacterial expression, E. coli BL21Gold(DE3) cells, which contain the T7 RNA polymerase gene under control of the lacUV promoter, were transformed with pCI-EGFPdual or pCI-HisDFF40, (Figure 1B) , respectively, and cultured in LB broth at 37°C
to an OD 600 of 0.8. Because the DFF40 gene can only be expressed in the presence of DFF45 (3, 6, 14, (18) (19) (20) 22) , the BL21Gold(DE3) cells also contained a second compatible plasmid, pACET-DFF45 (G. Meiss, unpublished data), a derivative of pACYC that provides chloramphenicol resistance and bears a pA15 origin of replication, coding for the DFF45 gene. Induction was achieved by adding isopropyl-β -D -thiogalactoside (IPTG) to a final concentration of 1 mM and culturing cells at 30°C overnight. The bacterial pellet of a 3-mL culture was washed with 1 × STE buffer (10 mM Tris-HCl, pH 8.0, 50 mM NaCl and 1 mM EDTA), resuspended in 0.5 mL bufferA (20 mM HEPES, pH 7.4, 100 mM NaCl, 1 mM EDTA and 0.01% CHAPS) and lysed by sonication. After centrifugation at 3 0 000 ×g , the supernatant was applied to a spin column containing 0.2 mL Ni 2+ -NTA resin. The resin-bound protein was washed three times with 1 mL buffer A containing 20 mM imidazole. Elution was performed using 200 µ L buffer A supplemented with 200 mM imidazole. For the expression of the new constructs in a mammalian system, 7.5 × 10 5 human embryonic kidney 293 cells were transfected with pCI-EGFPdual or co-transfected with pCI-His -DFF40 and pCI-c-mycDFF45 (G. Meiss, unpublished data) using TransFast ™ transfection reagent (Promega) according to the manufacturer's instructions. Twenty-four to forty-eight hours after transfection, cells were resuspended in buffer B (20 mM HEPES, pH 8.0, 400 mM KCl, 2 mM DTT and 20% glycerol) and lysed by four freeze/thaw cycles in liquid nitrogen. After centrifugation at 3 0 000 × g , the supernatant was applied to a Ni 2+ -NTA spin column and purified as described above.
Using these constructs, EGFP and DFF40/CAD were expressed in 293 cells and in E. coliBL21Gold(DE3) cells (Stratagene, La Jolla, CA, USA) ( Figure 2, A and B) . Approximately 150 µ g purified EGFP were obtained from 3 ×10 6 293 cells. Although the EGFP gene sequence is optimized for expression in cell lines of human origin (24) , approximately 2 mg EGFP could be purified from 1 L E. coli BL21 Gold (DE3) cells transformed with pCI-EGFP-dual. Because the constructs used lack the T7 terminator, our results demonstrate that a prokaryotic transcriptional terminator region is not compulsory for the expression of the EGFP gene, although its presence may improve mRNA stability and would probably further enhance the expression level.
The strategy presented here allows the easy generation of expression vectors with the capacity to express genes in both bacterial and mammalian systems that contains all convenient features such as affinity tags or protease cleavage sites, either introduced by PCR or provided by several commercially available prokaryotic expression vectors. Only a few commercial vectors for dual-or even triple-system (21) expression are available, but they do not have as many features as can be incorporated into dual expression vectors by the strategy used here. The dual expression vectors described here combine two of the most powerful bacterial and mammalian expression systems and allow for biochemical characterization of recombinant proteins produced in both cell systems, using a single construct. Our method eliminates the need for subcloning genes into different vectors and thus helps to save time and costs for the researcher.
